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HEAT EXCHANGER temperature lower than the temperature of the water - repel 
lent portion while the heat exchanger is actuated . 

CROSS - REFERENCE TO RELATED A water - repellent portion is disposed on a high - tempera 
APPLICATION ture side in a gas path to promote ejection of condensation 

water . Accordingly , on the high - temperature side in the gas 
The present application claims priority under 35 U.S.C. $ path , the storage amount of water in the gas path can be 

119 to Japanese Patent Application No. 2018-218308 , filed reduced and removal of deposit due to peeling at high 
Nov. 21 , 2018. The contents of this application are incor- temperature can be promoted . In addition , a hydrophilic 
porated herein by reference in their entirety . portion is provided on a low - temperature side in the gas path 

10 to dissolve deposit generated at low temperature into con 
BACKGROUND densation water . With the hydrophilic portion , the conden 

sation water penetrates between the deposit and the surface 
Field of the gas path , thereby promoting removal of the deposit 

due to peeling 
The present disclosure relates to a heat exchanger . More 15 

specifically , the present disclosure relates to a heat BRIEF DESCRIPTION OF DRAWINGS 
exchanger installed on an intake path or exhaust path of an 
internal combustion engine and configured to transfer heat FIG . 1 is a diagram schematically illustrating an entire 
between gas containing exhaust and refrigerant . configuration of a system according to a first embodiment of 

20 the present disclosure ; 
Background FIG . 2 is a diagram schematically illustrating a configu 

ration of an EGR cooler according to the first embodiment 
Typically , a vehicle includes a plurality of heat exchang- of the present disclosure ; 

ers such as an intercooler and an EGR cooler . In each heat FIG . 3 is a diagram for description of mechanism of 
exchanger , steam in circulating gas is cooled and condensed 25 deposit generation and peeling in a gas path of an EGR 
and adheres in a gas path as a liquid film . Various technolo- cooler ; 
gies of removing such a droplet have been disclosed . FIG . 4 is a diagram illustrating the relation between 

For example , JP 2006-348873 A discloses that an oil- weight of generated deposit and temperature at the genera 
repellent film is formed on the inner wall surface of the path tion ; 
of EGR gas in the EGR cooler to promote ejection of an oil 30 FIG . 5 is a diagram illustrating an example of temperature 
component containing unburned fuel generated through con- distribution of a gas path surface at an optional XY plane in 
densation of the EGR gas . an EGR cooler according to the first embodiment of the 

present disclosure ; 
SUMMARY FIG . 6 is a diagram illustrating an example of temperature 

35 distribution of a gas path surface at an optional XZ plane in 
In a heat exchanger such as an EGR cooler in which gas the EGR cooler according to the first embodiment of the 

containing exhaust is cooled , deposit is generated on the gas present disclosure ; 
path of the heat exchanger due to unburned fuel components FIG . 7 is a diagram illustrating an example of water 
and soot in exhaust and adheres in the gas path in some repellent property distribution of the gas path surface at an 
cases . Soluble deposit in the adhering deposit dissolves into 40 optional XY plane in the EGR cooler according to the first 
condensation water and is discharged from the heat embodiment of the present disclosure ; 
exchanger together with the condensation water . FIG . 8 is a diagram illustrating an example of water 
When an oil - repellent film is formed on the inner wall repellent property distribution of the gas path surface at an 

surface of the EGR gas path of the EGR cooler as in the optional XZ plane in the EGR cooler according to the first 
technology disclosed in the above - described JP 2006- 45 embodiment of the present disclosure ; 
348873 A , the oil - repellent film is thought to provide effects FIG.9 is a diagram illustrating an exemplary arrangement 
similarly to water - repellent treatment . Specifically , the oil- of water - repellent film and hydrophilic film at an optional 
repellent film is thought to promote ejection of condensation XY plane in the EGR cooler according to the first embodi 
water generated in the gas path of the EGR cooler . Accord- ment of the present disclosure ; 
ingly , the soluble deposit potentially does not dissolve into 50 FIG . 10 is a diagram illustrating an exemplary arrange 
the condensation water but remains in the gas path . ment of water - repellent film and hydrophilic film at an 

It is an object of an example in the present disclosure to optional XZ plane in the EGR cooler according to the first 
provide a technology of reducing deposit adhesion in a gas embodiment of the present disclosure ; 
path of a heat exchanger configured to exchange heat FIG . 11 is a pattern diagram illustrating outline of a 
between gas containing exhaust and refrigerant . 55 method of forming the water - repellent film and the hydro 
A heat exchanger according to an example in the present philic film according to the first embodiment of the present 

disclosure is installed on an intake path or exhaust path of an disclosure ; 
internal combustion engine . The heat exchanger configured FIG . 12 is a diagram schematically illustrating an exem 
to transfer heat between gas containing exhaust and refrig- plary fins disposed on a gas path of an EGR cooler according 
erant . The heat exchanger includes a gas path through which 60 to a second embodiment of the present disclosure ; 
the gas flows and a refrigerant path through which the FIG . 13 is a diagram schematically illustrating an exem 
refrigerant flows . A water - repellent portion provided with plary fins disposed on the gas path of the EGR cooler 
water - repellent treatment is formed at part of a portion that according to the second embodiment of the present disclo 
contacts the gas in the gas path . A hydrophilic portion sure ; 
provided with hydrophilic treatment is formed at part of the 65 FIG . 14 is a diagram illustrating an exemplary arrange 
portion that contacts the gas in the gas path , the part being ment of tubes in an EGR cooler according to a third 
different from the water - repellent portion and having a embodiment of the present disclosure ; 

a 
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FIG . 15 is a diagram schematically illustrating an exem- cooler 22 , the origin ( 0 ) is defined to be on the most 
plary configuration of an EGR cooler according to a fourth upstream side , and the positive side is defined to be on the 
embodiment of the present disclosure ; downstream side . A Y axis is defined to be in the up - down 
FIG . 16 is a diagram schematically illustrating an exem direction of the EGR cooler 22 , the origin is defined to be on 

plary configuration of an intercooler according to a fifth 5 the bottom surface side , and the positive side is defined to be 
embodiment of the present disclosure ; on the upper surface side . A Z axis is defined to be in a 
FIG . 17 is a diagram illustrating a flow of refrigerant in direction orthogonal to an XY plane , the origin is defined to 

refrigerant path of an intercooler according to the fifth be on a side closer to a side surface on which a refrigerant 
embodiment of the present disclosure ; outlet 32 is formed , and a refrigerant inlet 31 is formed on 
FIG . 18 is a diagram illustrating a temperature distribu- 10 a side surface on the positive side . 

tion of a gas path surface of an intercooler according to the As illustrated in FIG . 2 , the EGR cooler 22 includes a 
fifth embodiment of the present disclosure ; refrigerant path 33 and a gas path 34. The refrigerant path 33 
FIG . 19 is a diagram illustrating an exemplary arrange includes a plurality of tubes . Each tube included in the 

ment of fins in a gas path of an intercooler according to the refrigerant path 33 is fixed in parallel to each other in a 
fifth embodiment of the present disclosure . housing 30 of the EGR cooler 22. The refrigerant path 33 is 

a path of refrigerant and connects the refrigerant inlet 31 and 
DESCRIPTION OF EMBODIMENTS the refrigerant outlet 32 formed on any of side surfaces of 

the housing 30. The refrigerant inlet 31 is formed upstream 
The following describes embodiments of the present in the gas flow and on the lower side on the side surface of 

disclosure with reference to the accompanying drawings . In 20 the housing 30 on the positive side of the Z axis . That is , 
the drawings , parts identical or equivalent to each other are refrigerant inlet 31 is formed on the side closer to the origin 
denoted by an identical reference sign , and duplicate of the XY plane on the side surface of the housing 30 on the 
description thereof will be simplified or omitted . positive side of the Z axis . The refrigerant outlet 32 is 

formed downstream in the gas flow and on the upper side on 
First Embodiment 25 the side surface of the housing 30 on a side closer to the 

origin of the Z axis . That is , the refrigerant outlet 32 is 
1. Exemplary Configuration of System According to First formed on the positive side of the X axis and the positive 
Embodiment side of the Y axis on the side surface of the housing 30 on 
1-1 . Exemplary Entire Configuration a side closer to the origin of the Z axis . 
FIG . 1 is a diagram schematically illustrating the entire 30 A part between the tubes of the refrigerant path 33 serves 

configuration of a system according to a first embodiment of as the gas path 34. The gas path 34 is disposed separately 
the present disclosure . The system in FIG . 1 includes an from and in parallel to the refrigerant path 33. A plurality of 
engine 2. The engine 2 includes a supercharger 4. The heat - releasing fins 35 are disposed in the gas path 34. Each 
supercharger 4 includes a turbine 6 configured to be actuated fin 35 is , for example , a member bent in a concave - convex 
by exhaust energy , and a compressor 8 integrally coupled 35 YZ sectional shape by pressing a metal plate or the like 
with the turbine 6 and configured to be rotated by the having a high thermal conductivity . However , the fin 35 is 
exhaust energy input to the turbine 6. The compressor 8 is not limited to the metal plate , and the formation method 
disposed halfway through an intake path 10 . thereof is not limited to the pressing . The fins 35 having the 
An intercooler 14 is installed downstream of the com- high thermal conductivity are disposed in the gas path 34 to 

pressor 8 in the flow of intake air on the intake path 10. The 40 increase the surface area inside the gas path 34 , thereby 
intercooler 14 is a heat exchanger configured to cool , improving the thermal conductivity of the heat exchanger . 
through heat exchange with refrigerant , the intake air com- 2. Characteristics of Deposit Generated in Gas Path 
pressed by the compressor 8. The refrigerant in the inter- In the gas path 34 of the EGR cooler 22 , deposit is 
cooler 14 is , for example , water . However , the refrigerant generated from unburned fuel components and soot con 
may be other than water . 45 tained in the EGR gas , and adheres to a portion that contacts 

The engine 2 also includes an EGR device configured to the gas in the gas path 34 in some cases . Hereinafter , the 
recirculate part of exhaust as EGR gas to the intake path 10 . portion that contacts the gas in the gas path 34 is also 
The EGR device includes an EGR path 20 connecting an referred to as a “ gas path surface ” for simplification . In the 
exhaust system and an air intake system of the engine 2. An present embodiment , the gas path surface includes not only 
EGR cooler 22 is installed on the EGR path 20. The EGR 50 an inner wall surface of the gas path 34 but also the surface 
cooler 22 is a heat exchanger configured to cool the exhaust of each fin 35 . 
through heat exchange that transfers heat between the Characteristics of the deposit generated in the gas path 34 
exhaust and refrigerant . The refrigerant in the EGR cooler differ with the temperature at the generation . FIG . 3 is a 
22 is , for example , water . However , the refrigerant may be diagram for description of the mechanism of deposit gen 
other than water . 55 eration and peeling in the gas path 34. As illustrated in FIG . 

The EGR path 20 is connected with a bypass path 24 3 , when condensation water is combined with unburned fuel 
bypassing the EGR cooler 22 in parallel to the EGR cooler components , soot , and the like in the gas path 34 , high 
22. A valve 26 for opening and closing the bypass path 24 temperature lacquer and thermosetting deposit are generated 
is installed at a part at which the bypass path 24 merges with in a high - temperature region . The deposit and the like 
the EGR path 20. An EGR valve 28 for adjusting the amount 60 generated in the high - temperature region are insoluble . 
of the EGR gas is installed downstream of the valve 26 in the Low - temperature lacquer and non - solid deposit are gener 
flow of the EGR gas on the EGR path 20 . ated in large amounts on the low - temperature side . 
1-2 . Exemplary Configuration of EGR Cooler FIG . 4 is a diagram illustrating the relation between the 
FIG . 2 is a diagram schematically illustrating the con- weight of generated deposit and the temperature at the 

figuration of the EGR cooler 22. Hereinafter , as illustrated in 65 generation . As illustrated in FIG . 4 , a large amount of 
FIG . 2 , an X axis is defined to be in a direction substantially soluble deposit is generated in a region in which the tem 
parallel to flow in the direction of gas circulation in the EGR perature is lower , and a large amount of insoluble deposit is 
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generated in a region in which the temperature is higher . 3-3 . Reference for Division between Part Forming Water 
More specifically , a large amount of insoluble deposit is Repellent Film and Part Forming Hydrophilic Film 
generated on the high - temperature side , and the weight of FIGS . 7 and 8 are diagrams illustrating preferable water 
the insoluble deposit has a peak on the high - temperature side repellent property distribution in accordance with tempera 
of more than 100 ° . The weight of soluble deposit has a peak ture distribution in the gas path . As described above , in the 
at a temperature slightly lower than 100 ° , and the soluble present embodiment , the gas path surface has a higher 
deposit is generated in a low - temperature region . temperature at a position further on the origin side in the 
3. Water - Repellent Surface Treatment and Hydrophilic Sur- X - axis and Z - axis directions and further on the positive side 
face Treatment in Gas Path in the Y - axis direction , and has a lower temperature at a 
3-1 . Outline position further on the positive side in the X - axis and Z - axis 

Since deposit has the above - described temperature char- directions and further on the origin side in the Y - axis 
acteristics , the gas path surface is provided with water- direction . As illustrated in FIG . 4 , the amount of insoluble 
repellent surface treatment at a part at which the gas path deposit is larger at a position further on the high - temperature 
surface has a relatively high temperature . Accordingly , accu- side , and the amount of soluble deposit is larger at a position 
mulation of the condensation water is reduced on the high- further on the low - temperature side . 
temperature side to promote water discharge , thereby reduc- Thus , the gas path surface is provided with surface 
ing the storage amount of the condensation water . In treatment so that , ideally , the water - repellent property is 
addition , since the temperature of the gas path surface is kept higher on the high - temperature side and gradually becomes 
higher , peeling of deposit from the gas path surface is 20 lower ( in other words , the hydrophilic property becomes 
promoted by the high temperature . higher ) as the temperature decreases in accordance with the 

The gas path surface is provided with hydrophilic surface temperature distribution of the gas path surface as illustrated 
treatment at a part at which the gas path surface has a in FIGS . 7 and 8. However , the change of the water - repellent 
relatively low temperature . Accordingly , deposit generated property does not need to precisely match with the tempera 
at a low temperature can be effectively removed through 25 ture distribution , but the water - repellent property may 
dissolution into the condensation water . In addition , the change gradually or at a plurality of stages in accordance 
condensation water can penetrate between the gas path with the temperature distribution . 
surface and deposit through the hydrophilic surface treat- When the water - repellent property of the gas path surface 
ment , thereby promoting removal of deposit due to peeling . is changed gradually or at stages , the number of treatment 
3-2 . Temperature Distribution in EGR Cooler 30 processes increases in accordance with increase of the stages 

The following describes temperature distribution in the of the change . Thus , to avoid the increase of the number of 
EGR cooler 22. FIG . 5 is a diagram illustrating temperature treatment processes , a water - repellent film 37 may be 
distribution of the gas path surface an optional XY plane formed on the gas path surface on the high - temperature side , 
in the EGR cooler 22 , and FIG . 6 is a diagram illustrating the and a hydrophilic film 38 may be formed on the gas path 
temperature distribution of the gas path surface at an 35 surface on the low - temperature side as illustrated in FIGS . 
optional XZ plane in the EGR cooler 22. In the present 9 and 10 . 
embodiment , the gas path 34 is disposed in parallel to the X More specifically , in the present embodiment , a reference 
axis , and the EGR gas flows substantially in parallel to the temperature corresponding to a boundary between the water 
X axis in the positive direction from the X - axis origin side . repellent film 37 and the hydrophilic film 38 is 100 ° . A 
Accordingly , temperature change in the X - axis direction has 40 water - repellent portion provided with the water - repellent 
a tendency as follows : as illustrated in FIGS . 5 and 6 , the surface treatment and coated with the water - repellent film 37 
temperature is higher ( for example , 80 ° to 400 ° approxi- is formed on the high - temperature side on which the tem 
mately ) on the inlet side ( X - axis origin side ) of the gas path perature of the gas path surface is expected to be equal to or 
34 , and the temperature of the gas path surface becomes higher than 100 ° while the EGR cooler 22 is actuated in a 
lower close to the temperature of the refrigerant ( for 45 normal operation after the engine is warmed up . A hydro 
example , 40 ° approximately ) at a position closer to the outlet philic portion provided with the hydrophilic surface treat 
side . ment and coated with the hydrophilic film is formed on the 
The refrigerant inlet 31 of the EGR cooler 22 is formed on low - temperature side on which the temperature of the gas 

the side closer to the origin of the XY plane on the side path surface is expected to be lower than 100 ° . 
surface on the positive side of the Z axis , and the refrigerant 50 The water - repellent surface treatment or the hydrophilic 
outlet 32 is formed on the positive sides of the X and Y axes surface treatment cannot be provided with a precise bound 
on the side surface on the Z - axis origin side . Thus , the ary based on the reference temperature , due to the configu 
refrigerant circulates in a ZY plane from the positive side of ration of the gas path surface in some cases . In such a case , 
the Z axis to the origin side , and also circulates from the Y the water - repellent film 37 or the hydrophilic film 38 is 
axis origin side to the positive side . Accordingly , tempera- 55 formed at each part at which the water - repellent surface 
ture change in the Y - axis direction has a tendency as follows : treatment or the hydrophilic surface treatment can be pro 
as illustrated in FIG . 5 , the temperature is high on the vided . Specifically , the part is coated with the water - repel 
positive side and low on the origin side . Temperature change lent film 37 in a case in which the part is expected to have 
in the Z - axis direction has a tendency as follows : as illus- an average surface temperature equal to or higher than 100 ° 
trated in FIG . 6 , the temperature is low on the positive side 60 while the EGR cooler 22 is actuated when the part is 
and high on the origin side . disposed in the gas path 34 of the EGR cooler 22 , or the part 

In this manner , the temperature distribution in the EGR is coated with the hydrophilic film 38 in a case in which the 
cooler 22 depends on the flow of the EGR gas and the flow average surface temperature is expected to be lower than 
of the refrigerant . Thus , the temperature of the gas path 100 ° . Accordingly , the gas path 34 can be formed with the 
surface while the EGR cooler 22 is actuated after the engine 65 hydrophilic property and the water - repellent property selec 
2 is warmed up can be estimated from the flow of the EGR tively provided in accordance with the temperature distri 
gas and the flow of the refrigerant some extent . bution of the gas path surface to some extent . 
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The reference temperature as a temperature correspond- identical to those in the first embodiment . As described in 
ing to division in formation of the water - repellent film 37 the first embodiment , the plurality of fins 35 are disposed on 
and the hydrophilic film 38 does not necessarily need to be the gas path 34 of the EGR cooler 22. In the second 
100 ° . For example , the reference temperature may be set to embodiment , the water - repellent portion coated with the 
be a temperature at which soluble deposit and insoluble 5 water - repellent film 37 and the hydrophilic portion coated 
deposit can be effectively ejected for each engine on which with the hydrophilic film 38 are provided on the surface of 
the heat exchanger is mounted , and the temperature may be each fin 35 so that the water - repellent property differs 
calculated through simulation or the like and set as appro- between the high - temperature side and the low - temperature 
priate . side in the gas path 34 . 
3-4 . Method of Forming Water - Repellent Film and Hydro- FIGS . 12 and 13 illustrate exemplary fins 35 disposed on 
philic Film the gas path 34 of the EGR cooler 22. The fins 35 are formed 
FIG . 11 is a pattern diagram illustrating the outline of a as a plurality of divided parts for one gas path 34. Specifi 

method of forming the water - repellent film and the hydro- cally , in an example illustrated in FIGS . 12 and 13 , the fins 
philic film . As illustrated in FIG . 11 , an undercoat 42 for 35 are formed by swaging and coupling a plurality of 
close contact and wettability is provided on a base material members 351 arrayed in parallel to each other in the X 
41 of each fin 35 , the wall surface of the gas path 34 , or the 15 direction and each having a convex YZ section . The fins 35 
like , and the water - repellent surface treatment or the hydro- before the members 351 are coupled are divided into a 
philic surface treatment is provided on the undercoat 42 to plurality of parts each having a convex portion in the Z - axis 
form the water - repellent film 37 or the hydrophilic film 38 . direction and divided into , for example , three parts in the X 

Examples of the water - repellent surface treatment include direction as illustrated in FIGS . 12 and 13 . 
surface treatment of combining a composite containing any 20 Each member 351 is provided in advance with surface 
one or more of silicon compounds such as Sic , SiN , SiO , treatment for forming the water - repellent film 37 or the 
and SiON with a base material , treatment of producing hydrophilic film 38. Each member 351 on which the water 
amorphous of , for example , TiO2 , Al2O3 , SiO2 , or ZrO2 , repellent film 37 is formed is disposed at a position at which 
and surface treatment of forming a film made of fluorine the average surface temperature is estimated to be equal to 
resin such as PTI - B , molybdenum disulfide , or the like . or higher than 100 ° while the EGR cooler 22 is actuated 

In the hydrophilic surface treatment , for example , a when the member is installed in the gas path 34 of the EGR 
hydrophilic functional group is provided by using fluorine cooler 22. Each member 351 on which the hydrophilic film 

38 is formed is disposed at a position at which the average resin or the like into which a hydrophilic functional group surface temperature is estimated to be lower than 100 ° while such as a sulfonate group or a carboxyl group is introduced . the EGR cooler 22 is actuated . Thus , a larger number of In other methods , for example , the base material is provided 30 members 351 on each of which the water - repellent film 37 
with water thermal treatment , ultraviolet irradiation , or is formed are disposed on the origin side on the XZ plane , plasma treatment , or is provided with plasma treatment or and a larger number of members 351 on which the hydro 
texture treatment ( that is , pearskin finish treatment ) to philic film 38 is disposed are disposed on the positive sides achieve micro roughing . of the X and Z axes . 

In the present embodiment , the methods of the water- 35 When the fins 35 formed in this manner are disposed on 
repellent surface treatment and the hydrophilic surface treat- the gas path 34 , the water - repellent property is increased on 
ment are not particularly limited . Various kinds of the the high - temperature side in the gas path 34. In addition , the 
water - repellent surface treatment and the hydrophilic sur- hydrophilic property is increased on the low - temperature 
face treatment are known , and thus further detailed descrip- side in the gas path 34. Accordingly , deposit accumulation 
tion thereof is omitted . 40 can be effectively reduced . 
As described above , when the water - repellent film 37 and In the second embodiment , the fins 35 are divided into a 

the hydrophilic film 38 are formed on the high - temperature plurality of parts each having a convex portion in a direction 
side and the low - temperature side , respectively , in the gas parallel to the Z axis and divided into three parts in the 
path 34 , deposit can be effectively removed in accordance direction parallel to the X axis . However , the number of fin 
with the deposit characteristics , and deposit accumulation 45 divisions is limited thereto . When the division is finely 
can be reduced . made , the boundary between the water - repellent film and the 

Specifically , movement of water in the gas path 34 is hydrophilic film can be defined closer to the temperature 
promoted on the high - temperature side so that the storage distribution , but the number of processes increases . Thus , 
amount of water is decreased . When water is accumulated the number of processes in formation of the fins 35 can be 
on the high - temperature side , it is difficult to achieve oxi- 50 reduced by reducing the number of divisions . 
dation and dissipation of high - temperature lacquer and The water - repellent property and the hydrophilic property 
deposit . Thus , the water - repellent property is increased to may be changed at stages in accordance with the tempera 
prompt water ejection , and the temperature of the gas path ture distribution . Specifically , surface treatment with water 
surface is increased to promote deposit peeling . repellent properties different from each other may be pro 
On the low - temperature side , in particular , low - tempera- 55 vided to a plurality of members , respectively . Then , a 

ture lacquer and non - solid deposits are generated in large member having a higher water - repellent property may be 
amounts . Water dissolution is effective for these deposits . In disposed on a side on which the temperature of the gas path 
addition , peeling of the deposit can be promoted as water surface is higher , and a member having a higher hydrophilic 
penetrates between the gas path surface and the deposit . property may be disposed on a side on which the tempera 
Thus , the hydrophilic film 38 is formed on the low - tempera- 60 ture is lower . In this manner , the water - repellent property 
ture side through the hydrophilic surface treatment , thereby may be changed at stages in accordance with the tempera 
effectively dissipating the deposit . ture distribution . 

Second Embodiment Third Embodiment 
65 

The entire configuration of a system and the configuration 
of the EGR cooler 22 according to a second embodiment are 

FIG . 14 is a diagram for description of the EGR cooler 
according to the present embodiment . The entire configu 
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ration of a system and the configuration of the EGR cooler that of the first embodiment except that a multi - tube EGR 
22 according to the present embodiment are identical to cooler 50 as illustrated in FIG . 15 is used in place of the 
those in the first embodiment . As described in the first EGR cooler 22 . 
embodiment , the refrigerant path 33 of the EGR cooler 22 In the EGR cooler 50 illustrated in FIG . 15 , the gas path 
includes a plurality of stacked tubes 331. In the present 5 includes a plurality of gas pipes 51 and 52. The gas pipe 51 
embodiment , the water - repellent film 37 or the hydrophilic includes a water - repellent film formed on an inner wall 
film 38 is formed on the outside of each tube 331 , in other surface , and the gas pipe 52 includes a hydrophilic film 
words , on the inner wall surface of the gas path 34 so that formed on an inner wall surface . Which of the gas pipes 51 
the water - repellent property of the gas path 34 differs and 52 is to be disposed is determined in accordance with 
between the high - temperature side and the low - temperature 10 arrangement of a refrigerant inlet 53 and a refrigerant outlet 
side . 54. Specifically , as illustrated in FIG . 15 , the temperature is 

In the present embodiment , the tubes 331 are stacked in relatively low on the lower side and the right side in the sheet 
a vertical direction ( Y - axis direction ) . As described in the of FIG . 15 , which are closer to the refrigerant inlet 53 , and 
first embodiment , the refrigerant inlet is disposed on the 15 is used on these sides . The gas pipe 51 on which the thus the gas pipe 52 on which the hydrophilic film is formed 
lower side ( Y - axis origin side ) , and the refrigerant outlet is water - repellent film is formed is used as each gas pipe disposed on the upper side . Thus , among the tubes 331 , the disposed on the upper side and the left side in the sheet of water - repellent film 37 is formed on each tube 331 disposed FIG . 15 , which are closer to the refrigerant outlet 54 . on the upper side , and the hydrophilic film 38 is formed on As described above , the gas pipe 51 , the inner wall surface 
each tube 331 disposed on the lower side , thereby forming 20 of which is covered by the water - repellent film , and the gas 
the gas path 34 having a water - repellent property that pipe 52 , the inner wall surface of which is covered by the 
changes in the Y - axis direction . hydrophilic film , can be used to differentiate the hydrophilic 

In order to change the water - repellent property in the property and the water - repellent property of the gas path 
X - axis direction and the Z - axis direction , different surface surface in accordance with the temperature distribution at 
treatments are performed on each tube 331 by masking or 25 least on a plane orthogonal to the gas path 34. Thus , deposit 
the like . Specifically , with a boundary set to a part at which accumulation can be reduced also in the multi - tube EGR 
the temperature of the gas path surface becomes equal to cooler 50 . 
100 ° while the EGR cooler 22 is actuated , the water 
repellent film 37 is formed in a region in which the tem Fifth Embodiment 
perature is equal to or higher than 100 ° while a region in 30 
which the temperature is lower than 100 ° is masked . Simi- FIG . 16 is a diagram schematically illustrating the con 
larly , the hydrophilic film 38 is formed while the region in figuration of a system according to the present embodiment . 
which the temperature is equal to or higher than 100 ° is The system according to a fifth embodiment has a configu 
masked . Accordingly , the water - repellent portion and the ration identical to that of the system in FIG . 1 except that an 
hydrophilic portion are formed also in the X - axis direction 35 intake manifold integrated intercooler 60 is provided in 
and the Z - axis direction . place of the intercooler 14 in FIG . 1 . 

The configuration described in the present third embodi- When a heat exchanger disposed on the intake path is 
ment , in which the water - repellent film 37 and the hydro- disposed downstream of the part at which the EGR path 20 
philic film 38 are provided on the inner wall surface of the and the intake path 10 merge with each other in the flow of 
gas path 34 ( that is , on the outer wall of each tube 331 ) , may 40 intake air , like the intake manifold integrated intercooler 60 
be combined with the configuration of the fins 35 described as illustrated in FIG . 16 , part of exhaust gas is introduced 
in the second embodiment . Accordingly , the water - repellent into a gas path of the heat exchanger together with intake air . 
property can be increased on the high - temperature side , and Thus , similarly to the cases of the EGR cooler 22 or 50 
the hydrophilic property can be increased on the low- described in Embodiments 1 to 4 , deposit is potentially 
temperature side , thereby effectively achieving deposit 45 generated in the gas path of that kind of a heat exchanger . 
reduction . To reduce the deposit , the gas path surface of the inter 

In the third embodiment , the water - repellent film 37 or the cooler 60 in FIG . 16 is provided with the water - repellent 
hydrophilic film 38 is formed outside of the tubes 331 . surface treatment or the hydrophilic surface treatment in 
However , surface treatment with water - repellent properties accordance with the temperature distribution in the gas path 
or hydrophilic properties different from each other may be 50 of the intercooler 60. Specifically , the water - repellent film is 
provided to a plurality of regions in a divided manner so that formed on the high - temperature side on which the gas path 
the water - repellent property gradually decreases from the surface of the intercooler 60 has an average temperature 
high - temperature side to the low - temperature side . equal to or higher than 100 ° while the intercooler 60 is 

In the present embodiment , each tube 331 is used as the actuated , and the hydrophilic film is formed on the low 
refrigerant path 33 , and the outside of the tube 331 is used 55 temperature side on which the average temperature is lower 
as the gas path 34. However , the tube may be used as the gas than 100 ° . 
path , and the outside of the tube as the gas path 34 may be Intake gas introduced to the intercooler 60 flows from the 
used as the refrigerant path . In this case , too , the hydrophilic downstream side in the intake path 10 to the engine 2 . 
film or the water - repellent film may be formed in a similar Specifically , in a top view in FIG . 16 , the gas flows in the gas 
manner on the inner wall surface of the tube as the gas path 60 path of the intercooler 60 in the X - axis positive direction . 
34 in accordance with the temperature distribution . FIG . 17 illustrates the flow of refrigerant in the refrigerant 

path of the intercooler 60. As illustrated in FIG . 17 , a 
Fourth Embodiment refrigerant inlet 61 of the intercooler 60 is provided on a side 

surface on the X - axis positive side , and a refrigerant outlet 
FIG . 15 is a diagram for description of an EGR cooler 65 62 is provided near the center of a side surface on the X - axis ? 

according to a fourth embodiment . The configuration of a origin side . Thus , in the intercooler 60 , the refrigerant 
system according to the fourth embodiment is identical to circulates from the X - axis positive side to the origin side . 
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However , the temperature distribution in a case of the ment is applied to the intercooler mounted on an engine 
intercooler 60 is largely affected by other components and having such a configuration , deposit can be effectively 
mounting conditions . Thus , the surface temperature distri reduced . 
bution of the gas path of the intercooler 60 does not depend In the present embodiment , the intercooler 60 is of a fin 
only on the circulation direction of intake gas in the gas path 5 type , and a fin provided with the water - repellent surface 
and the circulation direction of refrigerant in the refrigerant treatment and a fin provided with the hydrophilic surface 
path . For example , a side surface of an intake manifold is treatment are used in accordance with the temperature 
cooled by external air under engine mounting conditions in distribution to provide the water - repellent portion and the 
the fifth embodiment , and thus the intercooler 60 has a low hydrophilic portion in the gas path , thereby reducing 
temperature on a side closer to a side surface . 10 deposit . However , the third embodiment may be applied to 

the intercooler 60 to provide the surface of each tube with FIG . 18 is a diagram illustrating the temperature distri the water - repellent surface treatment or the hydrophilic bution of the surface of the gas path of the intercooler 60. As surface treatment , thereby achieving a heat exchanger hav illustrated in FIG . 18 , the surface temperature distribution of ing the water - repellent property and the hydrophilic property 
the gas path of the intercooler 60 has a high - temperature 15 in accordance with the temperature distribution . Alterna 
region on the X - axis origin side , which is the gas inlet side tively , a multi - tube heat exchanger having the water - repel 
and the refrigerant outlet side , and has low - temperature lent property and the hydrophilic property in accordance 
regions near both side surfaces on the Y - axis origin side and with the temperature distribution as described in the fourth 
the positive side due to influence of cooling from a side embodiment may be installed as the intercooler . 
closer to the side surface of the intake manifold . What is claimed is : 
FIG . 19 is a diagram for description of an exemplary 1. A heat exchanger installed on an intake path or exhaust 

configuration of a fin installed on the gas path of the path of an internal combustion engine and configured to 
intercooler 60. As illustrated in FIG . 19 , the fin is formed by transfer heat between gas containing exhaust and refrigerant , 
swaging and integrating a fin 63 on which a water - repellent the heat exchanger comprising : 
film is formed and a fin 64 on which a hydrophilic film is 25 a gas path through which the gas flows ; and 
formed . The fins 63 and 64 are each disposed so that the a refrigerant path through which the refrigerant flows , 
longitudinal direction thereof is parallel to the X axis so that wherein 
the intercooler has a concave - convex YZ sectional shape . a water - repellent portion provided with water - repellent 
On the XY plane , the fin 63 on which the water - repellent treatment is formed at part of a portion that contacts the 
film is formed is disposed near a central part in the Y - axis 30 gas in the gas path , and 
direction , and the fins 64 on each of which the hydrophilic a hydrophilic portion provided with hydrophilic treatment 
film is formed are disposed on both sides of the fin 63 . is formed at part of the portion that contacts the gas in 

With this configuration , the water - repellent film or the the gas path , the part being different from the water 
hydrophilic film is formed on the gas path of the intercooler repellent portion and having a temperature lower than 
60 in accordance with the surface temperature distribution 35 the temperature of the water - repellent portion while the 
thereof . Accordingly , deposit accumulation can be effec- heat exchanger is actuated , wherein a portion of the gas 
tively reduced . path having a temperature higher than a boundary 

In the fifth embodiment , the hydrophilic property and the temperature , measured between the water - repellant 
water - repellent property are changed only in the Y - axis portion and the hydrophilic portion , while the heat 
direction . However , embodiments in the present disclosure 40 exchanger is actuated is free of the hydrophilic portion , 
is not limited thereto , and the water - repellent property and wherein the water - repellent portion is positioned down 
the hydrophilic property of the gas path surface may be stream of the hydrophilic portion in flow of the refrig 
changed in the X - axis direction or the Z - axis direction . For erant through the refrigerant path . 
example , as illustrated in FIG . 13 , the fins as a plurality of 2. The heat exchanger according to claim 1 , wherein the 
divided parts may be provided with the water - repellent 45 water - repellent portion is positioned upstream of the hydro 
surface treatment or the hydrophilic surface treatment as philic portion in flow of the gas through the gas path . 
appropriate in the X - axis direction so that the water - repel- 3. The heat exchanger according to claim 1 , further 
lent property changes in the X - axis direction . More specifi- comprising a heat - releasing fin disposed in the gas path , 
cally , in the fifth embodiment , since the gas inlet and the wherein the water - repellent portion and the hydrophilic 
refrigerant outlet are installed on the X - axis origin side , for 50 portion are formed at parts different from each other on a 
example , the number of fins 63 on each of which the surface of the fin . 
water - repellent film is formed is larger on a side closer to the 4. The heat exchanger according to claim 1 , wherein the 
Y axis than on a side farther from the Y axis , and the number water - repellent portion and the hydrophilic portion are 
of fins 64 on each of which the hydrophilic film is formed formed at parts different from each other on an inner wall 
is larger on the side farther from the Y axis than on the side 55 surface of the gas path . 
closer to the Y axis . Accordingly , a fin configuration having 5. The heat exchanger according to claim 1 , wherein the 
a water - repellent property distribution closer to the tempera- water - repellent portion is formed at a part at which the gas 
ture distribution can be achieved , thereby more effectively path is estimated to have a surface temperature equal to or 
reducing deposit adhesion . higher than a reference temperature during an operation after 

The fifth embodiment describes an example with the 60 the internal combustion engine on which the heat exchanger 
intake manifold integrated intercooler 60. However , the is mounted is warmed up . 
intercooler is not limited to an intake manifold integrated 6. The heat exchanger according to claim 1 , wherein the 
intercooler , but may be another intercooler . For example , hydrophilic portion is formed at a part at which the gas path 
some engines having low - pressure loop EGR ( LPL - EGR ) is estimated to have a surface temperature lower than a 
have a configuration in which an EGR gas path joins an 65 reference temperature during an operation after the internal 
intake path downstream of the intercooler in the flow of combustion engine on which the heat exchanger is mounted 
intake air . When the configuration of the present embodi is warmed up . 
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7. A heat exchanger installed on an intake path or exhaust the water - repellent portion is formed on inner wall sur 
path of an internal combustion engine and configured to faces of some of the plurality of pipes , 
transfer heat between gas containing exhaust and refrigerant , the hydrophilic portion is formed on some other pipes of 
the heat exchanger comprising : the plurality of pipes , the other pipes being different 

a gas path through which the gas flows ; and from the pipes on which the water - repellent portion is 
formed , and a refrigerant path through which the refrigerant flows , the other pipes on which the hydrophilic portion is formed wherein are disposed at a part having a temperature lower than a water - repellent portion provided with water - repellent the temperature of a part at which the pipes on which 

treatment is formed at part of a portion that contacts the the water - repellent portion is formed are disposed 
gas in the gas path , and while the heat exchanger is actuated . 

a hydrophilic portion provided with hydrophilic treatment 8. The heat exchanger according to claim 7 , wherein the 
is formed at part of the portion that contacts the gas in water - repellent portion is formed at a part at which the gas 
the gas path , the part being different from the water- path is estimated to have a surface temperature equal to or 
repellent portion and having a temperature lower than higher than a reference temperature during an operation after 
the temperature of the water - repellent portion while the the internal combustion engine on which the heat exchanger 
heat exchanger is actuated , wherein a portion of the gas is mounted is warmed up . 
path having a temperature higher than a boundary 9. The heat exchanger according to claim 7 , wherein the 
temperature , measured between the water - repellant hydrophilic portion is formed at a part at which the gas path 
portion and the hydrophilic portion , while the heat is estimated to have a surface temperature lower than a 
exchanger is actuated is free of the hydrophilic portion , reference temperature during an operation after the internal 
wherein combustion engine on which the heat exchanger is mounted 

is warmed up . the gas path includes a plurality of pipes disposed in 
parallel to each other in the heat exchanger , 
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